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TRANSLATION 
(Excerpt from JP-H3-75606) 

What is claimed is : 

1. A buried silica-based optical waveguide including a 
substrate, a silica-based glass buffer layer provided on the 
substrate, a silica-based glass core portion in a rectangular 
cross-sectional shape provided on the buffer layer, and a 
silica-based glass clad layer provided so as to bury the core 
portion, the buried silica-based optical waveguide being 
characterized in that a softening temperature of the clad layer 
is lower than that of the buffer layer and the core portion by 
a range of 200 to 4 50 t . 

(First Embodiment ) 

FIGS. 1A and IB are cross-sectional views of a silica-based 
optical waveguide (for a single mode waveguide) according to 
the present invention. FIG. 1A is a cros s- sect ional view of a 
single rectangular waveguide, and a FIG. IB shows a 
cross-sectional shape of a directional coupler in which two 
rectangular waveguides are caused to be adjacent to each other 
at an interval of a several microns. In FIGS. 1A and IB, 
reference numeral 11 denotes a silicon substrate; 12b, a 
silica-based glass buffer layer; 13c, a silica-based glass core 
portion; and 14, a silica-based glass clad layer. 
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A thickness of the buffer layer is 20 urn, and a 
cros s - sectional shape of the core portion is 6 urn x 6 urn. A 
difference A in relative refractive indexes between the core 
portion and the buffer layer, and between the core portion and 
the clad layer, is adjusted at 0.7 %, and the refraction indexes 
of the buffer layer and clad layer are equal to each other. A 
film thickness of the clad layer is 30 um . 

FIG. 3 is a schematic diagram showing one example of a 
configuration of a device in which glass particles are deposited 
on the silicon substrate. Reference numeral 21 denotes a turn 
table; 11, a silicone substrate placed on the turn table; 23, 
a table driving device; 28, an exhaust gas processing device; 
and 29, a central control unit. This device supplies a frit gas, 
which essentially contains of SiCl 4 and an acid/hydrogen gas, 
from a source gas supplying device 26 to a glass particle 
synthesizing torch 24. The device synthesizes glass particles 
essentially containing Si0 2 , by means of flame hydrolysis 
reaction of the frit gas in oxyhydrogen flame at a tip end of 
the torch, the glass particles being deposited on the silicon 
substrate placed on the turn table, or on the substrate on which 
a silica-based optical waveguide circuit in a ridge shape is 
formed . 

FIG. 2 is a process chart for describing one example of 
a method of manufacturing a clad layer of a silica-based optical 
waveguide according to a second embodiment. In FIG. 2, 
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reference numeral 11 denotes a silicon substrate; 12a, a glass 
particle layer for forming a quartz buffer layer; 12b, a 
silica-based glass buffer layer; 13a, a glass particle layer 
for forming a quartz core layer; 13b, a silica-based glass core 
layer; 13c, a silica-based glass core portion; and 14, a 
silica-based glass clad layer. 

Conditions will be described below in the sequence of 
process . 

(a) The glass particle layer 12a for forming a buffer layer and 
the glass particle layer 13a for forming a core layer essentially 
containing of Ti0 2 are sequentially deposited on the substrate 
11 by means of flame hydrolysis reaction of a frit gas essentially 
containing of SiCl^ . 

(b) The glass particle films are heated together with the 
substrate at 1350 V in an electric furnace, and are formed to 
be a silica-based waveguide film consisting of the buffer layer 
12b and the core layer 13b. Each of the silica-based glass 
buffer layer and the silica-based glass core layer is formed 
so as for a softening temperature thereof to be 1300 "C . 

(c) An unnecessary portion of the core layer 13b is removed by 
reactive ion etching to form the core portion 13c in a ridge 
shape . 

(d) The silica-based glass clad layer 14 having a refraction 
index, which is equivalent to that of the buffer layer, is formed 
so as to cover the core portion 13c. 
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As for formation of the clad layer, the glass particle 
layer for forming the clad layer is deposited again by flame 
hydrolysis reaction of the frit gas for forming the clad layer, 
and is then heated in the electric furnace to form the clad layer 
14. The formation is carried out at a softening temperature of 
the clad layer in a range of 800 to 1200 °C . When the softening 
temperature of the clad layer is in a range of 850 to 1100 t , 
a waveguide having a shape of FIG. 1 is formed. When the 
softening temperature of the clad layer is in a range of 800 
to 850 V, , there is a possibility of causing crazing and flaking 
in the clad layer glass. In addition, when the softening 
temperature is in a range of 1150 to 1200 "C , shape distortion 
of a waveguide shown in FIG. 5 is caused. 

In the present embodiment, difference in the softening 
temperatures of the clad layer respectively with the buffer 
layer and the core layer is set in a range of 200 to 450 °Q, , which 
is the range according to the present invention. Accordingly, 
the clad layer is formed without causing the shape distortion 
of the core portion, and with a refraction index equal to that 
of the buffer layer. 

In the present embodiment, the refraction indexes of the 
buffer layer and that of the clad layer are caused to be 
consistent. However, the clad layer can be formed without 
causing the distortion of the core portion even under a condition 
that value of the refraction index of the buffer layer and that 
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of the clad layer are not consistent. 

Regardless of a relative refractive difference A between 
the buffer layer and the core layer, or between the core layer 
and the clad layer, the clad layer can be formed without causing 
the shape distortion of the core portion. 

in a case where the glass softening temperature of the 
core portion is lower than that of the buffer layer, a difference 
in the glass softening temperature of the core portion and that 
of the clad layer is set to be the lower limit of the present 
invention, and a difference in the glass softening temperature 
of the buffer layer and that of the clad layer is set to be the 
upper limit. In addition, in a case where the glass softening 
temperature of the core portion is higher than that of the buffer 
layer, a difference in the softening temperature of the buffer 
layer and that of the clad layer is set to be the lower limit 
of the present invention, and a difference in the softening 
temperature of the core layer and that of the clad layer is set 
to be the upper limit. 

When a heating temperature of the glass particle film of 
the clad layer is equal to, or more than a transparency 
temperature, loss of the waveguide is substantially the minimum 
value. However, scattering loss is slightly present due to 
inconsistency of an interface of the clad layer with the 
respective interfaces of the buffer layer and of the core layer. 
To moderate this, it is preferable that a heating temperature 
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be increased by about 50 TC than the transparency temperature 
of the glass particle film of the clad layer. Moreover, to form 
a further low-loss waveguide, a transparent temperature 
difference AT is set to be 250 TC or more so that distortion is 
absent. Thus, the above condition is more suitable for forming 
a low-loss waveguide. It is desirable that consideration be 
made for a heating temperature so that the heating temperature 
is not too suitable for the transparency temperature of the glass 
particle film for the clad layer. 

In addition, in a case where a formation condition of the 
clad layer is set so that a transparency temperature difference 
AT is large, there is a case where a large amount of P 2 0 s or B 2 0 3 , 
which decreases a softening point, is doped in the clad layer 
in comparison with the buffer layer and the core portion. P 2 0i 
and B 2 0 3 are dopants which increase thermal expansion 
coefficient of s i lica -based . In a case where a glass 
composition including a several tens of mol% or more is formed, 
there is a case where the thermal expansion coefficient thereof 
is larger than the thermal expansion coefficient of silicon 
substrate, and this may cause crazing in the clad layer. As 
described above, it is desirable that the heating temperature 
of the glass particle film for the clad layer is set higher than 
a transparency temperature by about 50 *C . However, as to the 
glass film having AT at a temperature around 450 V , stress on 
the clad layer is increased in a case where the heating 
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temperature is set higher than a transparent vitrifying 
temperature. Thereby, there is a possibility of causing crazing 
in the clad layer by a manufacturing process of a heater or the 
like after forming a buried waveguide. Hence, considering 
reliability, it is desirable that AT be set to be 400 V or less. 
In addition, since P 2 0 5 and B 2 0 3 are dopants which have a liquid 
absorption characteristic, weather resistance is caused to be 
deteriorated. It is desirable, therefore, that content thereof 
in glass be controlled. 

In the present embodiment, a transparency temperature 
difference AT in the glass particle film of the buffer layer 
and that of the core portion is set to be 220 V . Accordingly, 
it is understood that the buried silica-based optical waveguide 
according to the present invention can be manufactured by 
forming the buried silica-based optical waveguide under a 
condition that the transparency temperature difference AT of 
the clad layer is 200 to 450 V . Specifically, a silica-based 
optical waveguide can be formed without causing distortion in 
the core portion. However, considering further low-loss and 
increased reliability, it is more suitable to carry out the 
formation at the AT in a range of 250 to 400 V. . 

As described above, in the present embodiment, detailed 
description has been given for a silica-based optical waveguide 
manufactured by the flame hydrolysis deposition method. As is 
obvious from the forgoing, since the nature of the present 
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invention is attributable not to the manufacturing method, but 
to a materiality of glass (softening temperature difference), 
the similar description is applicable to a silica-based optical 
waveguide manufactured by another method. In this event, glass 
film of the buffer layer and that of the core portion are formed 
by means of the CVD method and the sputtering method so that 
the softening temperature is 1300 t . The clad layer is then 
formed in a similar manner to that of the present embodiment. 
A result thereof is similar to the present embodiment. In 
addition, formation of glass film of the buffer layer and that 
of the core portion is carried out by use of a combination of 
the sputtering method, the CVD method, and the flame hydrolysis 
deposition method. A result thereof is similar to the present 
embodiment . 
(Second Embodiment) 

The silica-based optical waveguide in a ridge shape is 
formed by the flame hydrolysis deposition method so as to have 
the same configuration with that of the first embodiment, and 
a total amount of P 2 0 5 and B 2 0 3 of a buffer layer and of a core 
portion is 4 mol% by means of the same manufacturing process 
as that of the first embodiment. The clad layer is formed with 
a total amount of P 2 0 5 and B 2 0 3 ranging from 6 to 32 mol%. 

When the total amount of P 2 0 5 and B 2 0 3 of the clad layer 
is in a range of 8 to 29 moll, a waveguide having the shape of 
FIG . 1 is formed . 
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When the total amount of P z O s and B 2 0 3 of the clad layer 
exceeds 29 mol% but does not exceed 32 mol%, there is a 
possibility of causing crazing and flaking in clad layer glass. 
When the total amount of P 2 0 5 and B 2 0 3 of the clad layer is from 
6 mol% to less than 8 raol%, the shape of the waveguide shown 
in FIG. 5 is distorted. 

In the present embodiment, the clad layer is formed without 
causing distortion in the core portion, and with a refraction 
index equal to that of the buffer layer by forming the clad layer 
so that a difference in the total amount of P 2 0 5 and B 2 0 3 between 
the clad layer and the buffer layer, and between the clad layer 
and the core layer, is 4 to 25 moll, which is the range according 
to the present invention. 

In the present embodiment, the refraction indexes of the 
buffer layer and that of the clad layer are caused to be 
consistent. However, the clad layer can be formed without 
causing distortion of the core portion even under a condition 
that value of the refraction index of the buffer layer and that 
of the clad layer are not consistent. Regardless of a relative 
refraction index difference A between the buffer layer and the 
core layer, or between the core layer and the clad layer, 
formation of a clad layer is made possible without causing 
distortion of the core portion. 

In a case where the total amount of P 2 0 5 and B 2 0 3 of the 
glass composition of the core portion and the glass composition 
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of the clad layer is smaller than a difference in the total amount 
of P^0 6 and B 2 0 3 of the clad layer and of the buffer layer, a 
total amount difference of P 2 0 5 and B 2 0 2 of the core portion and 
of the clad layer is set to be the lower limit of the present 
invention, and the total amount difference of P^0 5 and B 2 0 3 of 
the buffer layer and of the clad layer is set to be the upper 
limit. In addition, when the total amount difference of P 2 0 5 
and B 2 0 3 of the core portion and of the clad layer is larger than 
the total amount difference of those of the clad layer and of 
the buffer layer, the total amount difference of P 2 0 5 and B 2 0 3 
of the buffer layer and the clad layer is set to be the upper 
limit . 

Glass film of the buffer layer and that of the core portion 
are formed by the CVD method and the sputtering method so as 
for a softening temperature to be 1300 TC . In addition, 
formation of the clad layer is carried out in a similar manner 
to that of the present embodiment, and a result similar to the 
present embodiment is obtained. In addition, formation of the 
glass films of the buffer layer and that of the core portion 
is carried out by use of a combination of the sputtering method, 
the CVD method and the flame hydrolysis deposition method. A 
result thereof is similar to that of the present embodiment. 
(Third Embodiment} 

In the first embodiment, Ti0 2 is used as a dopant of the 
core portion in a range of a difference in softening temperatures 
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between the clad layer and the buffer layer, and between the 
clad layer and the core portion. Meanwhile, Ge0 2 can also be 
used for manufacturing a silica-based optical waveguide. 
Conditions will be described below in the sequence of process. 
FIG. 2(a) The glass particle layer 12a for forming the buffer 
layer and the glass particle layer 13a for forming the core layer 
are sequentially deposited on the silicon substrate 11 by flame 
hydrolysis reaction of a glass forming source gas essentially 
containing of SiCl 4 . 

The buffer layer glass contains 4 mol% of B 2 0 3 and 1 mol% 
of P 2 0 5 as dopants. In addition, the core layer glass contains 
4 moll of Ge0 2 in order to control a refraction index. 

(b) This glass particle films are heated together with the 
substrate at 1320 *C in the electric furnace to be transparent 
glass, which is to be a silica-based optical waveguide film 
consisting of the buffer layer 12b and the core layer 13b. A 
temperature, at which transparent glass is formed, is 1270 TC . 

(c) An unnecessary portion of the core layer 13b is removed by 
the reactive ion etching to form the core portion 13c in a ridge 
shape . 

(d) The clad layer 14 having a refraction index, which is 
equivalent to that of the buffer layer, is formed so as to cover 
the core portion 13c. 

As for formation of the clad layer, the glass layer for 
forming the clad layer is deposited again by the flame hydrolysis 
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reaction of the frit gas for forming the clad layer, and 
vitrification is carried out at 1200 V. ■ This clad layer glass 
contains 10 mol% of B 2 0 3 and 2 mol% of P 2 0 5 , and a temperature 
at which transparent glass is formed, is 1150 T: . In the present 
embodiment, the clad layer, which has a refraction index equal 
to that of the buffer layer, can be formed without causing 
distortion in the core portion. 

It has been known that this Ge0 2 decreases optical 
propagation loss of silica-based glass in comparison with Ti0 2 , 
and that the GE0 2 is an effective dopant for decreasing the loss 
of silica-based optical waveguide. An optical waveguide with 
a softening temperature difference according to the present 
invention can be manufactured by forming the clad layer so as 
for the AT to be 200 to 450 TC . That is, the distortion of the 
core portion can be prevented. As described in the first 
embodiment, formation carried out under a condition that the 
AT is 250 to 400 TC is more suitable. 

.The configurations and effects of the present invention 
have been described with respect to the two embodiments, in which 
glass compositions of the core portion are respectively Si0 2 and 
Ti0 2 , and Si0 2 and Ge0 2 . However, the present invention is not 
limited to the above two embodiments. For example, it is pointed 
out that a scope of subject matters of the present invention 
includes a buried silica-based optical waveguide which 
simultaneously contains Ti0 2 and Ge0 2 in the core portion, and 
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a manufacturing method thereof. 

In addition, the description of the configurations and 
effects of the present invention has been given for a waveguide 
formed by using silicon as a substrate. However, the present 
invention is not limited to the above description. For example, 
it is also pointed out that a scope of subject matters of the 
present invention includes a buried silica-based optical 
waveguide, which is formed on a quartz substrate or a sapphire 
substrate, and a manufacturing method thereof. 



